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INTRODUCTION
Even though native range forages have been available a long
time, there is little research data concerning the specific grasses
characterized as native forage or browse.

Little research has been

done to study these forages because of their natural habitat far from
research laboratories, the task of collecting enough forage for ade
quate sample testing, and sparse yet hardy existence and questionable
known vegetative growth with each year's different climate and environ
mental conditions.

Certainly it seems logical that at some future time

the knowledge of their nutritive value will become important.

Perhaps

then with adequate management the rancher can improve upon native
grasses he already has or the grass breeder can use the knowledge to
his advantage to breed a desirable characteristic into a new grass
variety.
Two warm season grasses, blue grama (Bouteloua gracilis) and
prairie sandreed ( Calamovilfa lonizifqlia), and two cool season grasses
needle and thread (Stipa comata) and thread.leaf sedge {Carex filifolia
were studied.

Samples of the grasses were collected throughout the

1968 growing season at the Antelope Range Field Station in northwester:
South Dakota.
1.

The research undertaken had the following objectives:

To characterize range grasses by analysis of the components

cellulose, acid-detergent fiber, acid-detergent lignin, dry matter
digestibility, protein, holocellulose, hemicellulose, neutral sugar an
u.ronic sugar content.

· 2.

To study canparative composition of the various grasses at

different cutting dates.

J.

To give special emphasis to any comparative differences

between cool and warm season grasses.

All comparisons in this study

centered largely on fibrous carbohydrates and the canponents closely
associated with them.

REVIEW OF LITERATURE
Holocellulose
Holocellulose includes both cellulose
of plant cell polysaccharides.

and

hemicellulose fraction�

Both fractions represent a large part

or most forages and contribute a majority of the energy va!,ue of
forages for ruminants.

'Ihe separation of_ the single holocellulose

fraction containing its two canponents has been studied extensively.
Early work centered on the study of holocellulose in W0od.
Schmidt

tl

al. (1931) did most of the preliminary determinations of

cell wall components.

Plant material samples were first finely grotmd.

Finely ground plant material was subjected to lipid extraction using
benzene and ethanol (2:1).
used to remove lipids.

Hot or coid water extractions were also

The pH of the sample was kept near neutrality.

An acidic solution would cause hydrolytic cleavage of labile
glycosidic linkages.

The sample remaining after these steps was

termed "extractive free. "
Schmidt's method varied in its final steps from later shorter
procedures.

He and his co-workers used chlorine dioxide in pyridine

and water to remove the·lignin.
month to complete.

!his extraction alone required one

Ritter and Kurth (1933) shortened the extraction

period to 10 hours using alternate treatments of chlorine and a
s olution of pyridine in ethanol, followed by cold calcium hypo
chlorite.

The residue remaining was white, free from lignin and

called holocellulose.

Later changes in techniques for isolation of holocellulose
occurred..

Jayme (1942) used methanol-benzene for the extraction and ·

sodium chlorite and acetic acid for delignification.

The lignin

content of isolated wood holocellulose remained 2.8 to

3.5%.

Poly

saccharide material was lost, however, if further treatment was used
to eliminate the final lignin contaminant.
Wise et al. (1946) developed one of the more recent methods for
. isolation of holocellulose from roughages.

The

method used was a

modification of Jayme 1 s method but·included digestion at a higher
temperature with repeated additions of chlorite to shorten extraction
time.

It works well with both woody and nonwoodlike material.

The

extraction time is greatly shortened and simplified when compared to
earlier procedures for fractionation ·of holocellulose, but with
somewhat longer extractions this was decreased.
Bennett (1947) is credited with the first work dealing with
only roughages other than wood holocellulose.

He isolated the holo

cellulose fractions from Kentucky bluegrass, timothy hay, corn cobs,
corn stalks and oat straw.

A product was obtained that had a satis

factory color, gave low yields of furfural and required only 2 to J
hours in comparison to earlier methods that had required at least
2 days.
Holocellulose was prepared from the straws of wheat, oats, rye,
barley and seed flax by Adams and Castagna (1948).

v-lhen three chlorite

treatments were used, the lignin content of the holocellulose was
decreased to approximately

2.5%. Flax, however, retained a higher

percentage of lignin than the other roughages studied.

Their data

indicated a slight rise in the ash content of holocellulose, a lowering
of lignin content with a subsequent rise after six chlorite treatments.
After four chlorite treatments, there was a reduction of carbohydrate
material.

A gradual rise in pH from 4. 19 for the starting material to

6. 61 after the ninth chlorite addition also occurred.

lhe

rise in pH

had a deleting effect on chlorine dioxide as an oxidizing agent but
eliminated much of the destruction of holocellulose normally found
when polysaccharides are exposed to a low pH.

No successful method

was found to eliminate lignin from the extracted holocellulose.

They

found that it was better to make corrections for the residual lignin.
Because most of the holocellulose studies had been done on
only a limited number and type of crops, it was evident that more work
was needed to determine the validity of the chlorite procedure with
more forages.

Ely and Moore (1954) prepared holocellulose from seven

hays, two silages and one straw which were assumed to vary in holo
cellulose composition over a wide range.

They concluded that the

chlorite treatment could be used successfully with different forages.
The holocellulose fraction represented 66 to 81% of the dry matter fran
the extractive-free samples.

Almost complete extraction of holo

cellulose was obtained with two chlorite treatments; how�ver, using
more than two treatments resulted in loss of the carbohydrate fraction.
Isolation of holocellulose from feces using the chlorite
procedure did not seem to be feasible.

Ely and Moore (1955a), for

example, were unsuccessful in attempts to isolate holocellulose of

b

recal·collections from cows fed roughages used in their earlier study.
They concluded (1956) that acid chlorite treatments will not isolate
holocellu.lose in theoretical yields with all feces samples.

A differ

ent type of holocellulose was isolated from feces samples with greater
amounts of residual lignin present.

A comparison study showed that

protein and lignin content in holocellulose of feces .was greater in
good protein forages than poor protein forages.

Protein and lignin

remained as minor contaminants in the holocellulose.
Probably because of their porosity, corn cobs were easily
extracted (Whistler

.tl

al. , 1948).

Four treatments of sodium chlorite

and acetic acid at 15-minute intervals were used (instead of the
hourly additions used by Wise et al. , 1946) and yielded 81. 5% holo
cellulose with a lignin content of 0.4%.
Lignin impurities which always seem to be present in the holo. cellulose fraction may or may not be of concern.

Because or

contradictory reports on the presence of lignin, it seems apparent that
lignin determinations should be made on the same samples from which
holocellulose was isolated.

No matter what method is used, a small

error occurs due to the lignin remaining in the holocellulose fraction.
Hemicellulose and Component Sugars
With the actual isolation of the holocellulose fraction,
hemicellu.lose studies were greatly accelerated.

Holocellulose served

as the initial fraction for hemicellulose preparation.

Earlier work

was concerned with quantitative measurements of the hemicellulose
fraction.

The name 11 hemicellulose" was given to the polysaccharide

7
traction extracted from plant material by dilute alkali by Schulze
So little was known about these substances that they were

(1891).

termed degraded or izuperfect celluloses, hence the term "half-cellulose.
Study has now shown that these alkali soluble polysaccharides are
complex mixtures which vary with the source and method ot extraction.
Using the classification of Jermyn (1955), hemicelluloses may
include:
(a) short-chain glucans, either removed fran the cellulose
fibrils by the extraction process or existing outside the
fibrils in the encrusted polysaccharides.
(b) polymers of xylose, arabinose, mannose, galactose and
possibly some other monose units.

It is still uncertain

whether these occur as chains made into like units or
mixed units.
(c) mixed �olymers of sugar units and uronic acid units,
usually methylated and sometimes acetylated.
(d) residual pec�in polysaccharides that were not removed
earlier.
(e) the special polysaccharides which form the bulk of
certain plant cell wall materials.
Fractionation of the alkali-soluble portion remaining after
precipitation of cellulose is attained by neutralization and addition
of ethanol to the :forage sample under study.

Pentoses dominate the

fraction, yet they are not the only component according to the previous
listi ng given.

Lack of information regarding the properties of

hemicelluloses can be due to:

(1) lack of good methods for clear

separation, (2) loss of identity of the isolated hemicellu1oses,
(3) difference in composition of hemicelluloses, (4) �e fact that the
polysaccharides isolated may represent only a fraction of the original
polysaccharide, and (5) different methods used by various workers have
not always provided comparable hemicellulose values.
Hemicellulose preparations are mostly mixtures of hexoses and
pentoses, but all have the properties of alkaline solubility and are.
easily hydrolyzed in acid.

Jermyn (1955) stated that "The minimum

requirements that_must at present be satisfied for a polysaccharide
to be considered 1 pure 1 are those of a reasonably narrow range of
molecular weights and a constant ratio between sugar residues, if more
than one is present, on subfractionation.

If the polysaccharide

chains are branched, the branches must be all of the same type.

The

'purity' of a polvsaccharide molecule must still be defined by
specifying criteria satisfactory for a certain purpose; when a polymer
mo�ecule, such as cellu;Lose, cannot be dissolved except after degrada
tion, it is difficult to assign any meaning at all to 'chemically
pure. 1

Within these limitations the only polysaccharides that may be

considered as having been isolated from the holocellulose fraction of
the cell wall

in

a pure condition are cellulose, xylan and mannan.

The literature reveals many preparations of 'hemicellulose 1 that have
been realized by the authors to be complex mixtures."
Fractionation of the hemicellu1oses into both high and low
molecular weight glycans a:nd uronic acid units was accomplished by

7

O'Dwyer (1926) .

She based her method on the belief that hemicelluloses

are more like pectins than cellulose because of the presence of uronic
acid units .

'Ihe first step involved the precipitation of hemicellulose

A, made up of high molecular weight glycans .

The fiocculant precipi

tate was recovered from the neutralization of an alkali solution.

Low

molecular weight glycans were recovered in the second step:· 'Ibis
fraction was precipitated by the addition of ethanol to the previous
neutralized filtrate recovered from the first step.

The second

fraction, hemicellulose-B, had most of the uronic acid containing
constituents.

Most plants have a larger A fraction b ecause the

abundant and widely distributed xylans are here.
There is very little exact knowledge on the polyuronide hemi
celluloses .

It is mainly due to the difficult task of isolating

homogenous products in the laboratory.

Interest in their study has

centered on the mode of union of other sugar units present in the
polyuronides and the way in which the uronic acids are joined.

Aspinall

and Ferrier (1957) isolated hemicellulose from barley husks by solution
in 1 . 0 N NaOH after extracting it with ethanol-benzene, hot and cold
water and 0. 01 N NaOH.

After neutralization of the alkaline extract,

hemicellulose was precipitated with acetone.
Starting with holocellulose, Flanders (1952a) did. much of the

early work on the hemicellulose fractions of timothy hay.

He found an

increased ratio of pentose residues per uronic acid molecules with
increased alkalinity.

In his second writing, Flanders (1952b) dealt

with the successive extraction of the hemicellu1ose fractions obtained

J.U

from solvents of increasing alkalinity using the chlorite holocellulose
of 26 hays and 4 straws.

The extracted hemicellulose was obtained from

2.5% K2C03, 5% KOH, 10� KOH and 20% KOH, respectively.

The ratio of

pentose to uronic acid anhydride increased with alkalinity.

et .a l.
--

Binger

(1954) found that hemicelluloses in orchard grass contained the

sugars xylose, glucose, arabinose, galactose and at least one of the
uronic acids.

In another study of forage grasses by Routley and

,Sullivan (1958), the hemicellulose components of bromegrass were deter
mined.

Eighty perc-ent of the hemicelluloses were extracted from holo

cellulose with treatment of hot water, then 0.5% KOH and repeated with

1.5% KOH.

The water extractable hemicelluloses contained the four

s ugars, two uronic acids and four unidentified substances.

Xylose was

the most common sugar, arabinose next· and glucose and galactose were
present in lesser amounts.

Galacturonic was present in greater

quantity than glucuronic.
In 1960, Sullivan et al. using a variety of grasses found xylose
to be the most abundant sugar and glucose to be the most variable
constituent as the growing season progressed from spring through
autumn .

Data of Burdick and Sullivan (1963) indicated hemicelluloses

of forages with a high degree of lignification and low digestibility
exhibited a lower rate of solubilization than those.with low lignifi
cation and high digestibility.

A significant correlation coefficient

of 0. 96 was found between the degree of solubilization of the xylose
and the

i!2 �

digestion coefficient of dry matter.

This parallels

the early work of Bondi and Meyer (1943) who also found digestion

11

coefficients of acid hydrolyzable carbohydrates related to the degree
of lignification.
Later work by Sullivan (1966) revealed a closer relationship
between hemicellulose and lignin than between cellulose and lignin.
One hundred samples of forage with known digestion data were analyzed
for hemicellulose, cellulose and lignin.

The hemicellulose of grasses

was more digestible than legmnes and in both types of forage the
digestibility of the carbohydrates was adversely affected by the
quantity of lignin.

A higher ratio of hemicellulose to cellulose was

associated w.i.th higher digestibilities.
Identification of the various sugars _of hemicellulose has been
completed by several researchers using different analytical methods.
Heinze and Murneek (1940) realized that the higher sugar and nonsugar
reserves must be hydrolyzed to free the carbonyl group (C=O) before
their determination can be made.
Bishop and Adams (1950) hydrolyzed the hemicellulose fraction of
wheat straw by heating with 1% sulfuric acid in a boiling water bath
for 12 hours .

A noncarbohydrate residue amounting to as much as 7.0%

of the hemicellulose fraction was noted.

For examination of each

particular sugar present, the hemicellulose fraction was neutralized
with barium carbonate, an aliquot chromatographed, eluted from paper
and the reducing value of the eluent determined.

All of the hemi

cellulose fractions contained D-xylose, L-arabinose, D-glucose,
D..galactose and hexurortic acid.

Bennett (1950) also using a boiling

extraction obtained the sugars of hemicellulose from corn stalks.

He

12
used a 10 hour boiling extraction with 4i H2S04 in a weight to volume
ratio of 1 t_o 50.

Nitrogen gas was bubbled through the all glass

assembly to reduce oxidation.

Again, D-xylose was the most predominant

sugar in all hemicellulose fractions.
Chromatographic technique of the isolation and identification
of sugars in hemicellulose is time consuming.

Myhre-and Smith (1960)

studied the structure of hemicellulose components of alfalfa using
their method with chromatographic application.

They were interested

in the relationship of hemicellulose components to the nutritive value.
A discussion of this method will be presented later as it was used in
this particular study and also other work done by Kamstra �

&·

(1966,

1967, 1968).

Present analyses using calorimetric methods have not been very
successful in estimating pentoses and pentosans.
method is outlined in the A. O. A.C. (1955).

The most common

This method of determina

tion using destructive distillation of the hemicelluloses with 12%
HC� and measurement of �urfural formed can only be satisfactorily
used when a relatively 0 pure" pentose or pentosan is analyzed.

The

yield of furfural is not quantitative because it includes arabinose,
xylose and uronic acids, all with different correction factors in the
analysis of cell wall polysaccharides.
further error in determination.

Any hexoses present cause

Correction factors are supplied with

the procedure.
Estimation of pentoses in the presence of large amounts of
hexoses

and uronic acids was done by a different calorimetric method

13
by Tracey (1950).

The method took advantage of the faster reaction of

pentoses to hexoses.

However, his procedure was not satisfactory for

estimation of cell wall polysaccharides.

McRary and Slattery's (1945)

earlier method had the same limitations •
.Additional reference to uronic acids shows that numerous methods
have been described for their determination.

Most of them depend on

the fact that the acid may be more or less quantitatively decarboxyl
ated when heated with sufficiently concentrated mineral acids and the
carbon dioxide liberated can be determined as a measure of the uronic
acid, free or combined, originally present.

However, most materials

studied are not entirely pure, so it is unlikely that the yield of
carbon dioxide will give a true yield of the uronic acid content.
This is generally true and is evident frcxn the study here in the
analysis of hemicellulose where traces of uronic acids are present in
variable amounts at different stages of forage maturity.

l!l

vitro studies on the digestibility of individual sugar

residues have shown xylose to be consistently less digestible than
arabinose in all fractions ( Jarrige, 1961; Gaillard, 1962; Lyford

tl

al. , 1963).

The uronic acid fraction seems to have the lowest

digestibility and Gaillard (1966) considered this fraction of
sufficient importance to be included wi th lignin and. the cell wall
as negative indices of nutritive value.
As far as the digestion of cellular components.!!!

.!1.!£,

more

hemicellulose than cellulose digestion occurs in nonruminants than
ruminants.
26'1070

Waldo (1969) noted that there is an appreciable digestion

.l."'T

ot hemicellulose in the lower tract or ruminants, while cellulose is ·
�ainly fermented in the rumen.

An explanation may be that the

arabinofuranoside fraction is easily hydrolyzed by very weak acids
present in the rumen, while pyranosidic polysaccharides require at
least 1000 times the acid strength to achieve an equivalent hydrolysis .

Gastric HCl accomplishes this hydrolysis of pyranosidic polysaccharides
and this explains why there is greater hemicellulose digestibility in
the lower digestive tract of ruminants.
Cellulose � Lignin
Cellulose accompanies hemicellulose as a major component
ccmprising holocellu1ose and can be isolated as a discrete fraction.
Lignin also appears as an encrusting material with the hemicellulose
and cellulose fraction.
Polysaccharides and polysaccharide derivatives make up the cell
wal1s of plants.

In the cell walls of mature tissues, nonpolysaccha

ride material especially lignin may be included into the structure of
the plant wall.

The characteristic component of the cell wall is

cellulose, which occurs in nearly pure form in fibers.

It is also the

major constituent in . essentially all of the higher plant cell walls
studied.

Cellulose consists of long chains of glucopyranose units

linked uniformly by 1- 4-B-D glycosidic bonds.

The chains appear to be

long, unbranched and made up of from 1, 400 to 10, 000 glucose units.
The chains are packed into well oriented crystalline aggregates which
ar-e short in comparison with chain length, so that each chain partici
pates in the formation of many micelles according to Bonner (1950) .

· Cellulose remains as the insoluble residue after digestion with
dilute alkali.

Once laid down in the cell wall, cellulose is not

considered as an energy source for the plant.

Celluloses of higher

plant origin have been reported only in germinating seeds in the
writing of Whistler and Corbett (19 57 ) .

Cross and Bevan (1911 ) have been credited with the first

classical treatment for the cell wall fraction cellulose.

The plant

material was boiled in 1% NaOH and then treated with chlorine and
sodium sulfite.

Lignin and polyuronic hemicelluloses were removed,

leaving the residue of cellulose and cellulosans.

Further treatment

with 1 7. 5� NaOH removed the cellulosans and the undissolved residue
remaining was termed " true cellulose'' or alpha cellulose.
A later widely used method was developed by Norman and
Jenkins (1933) which used two treatments of neutral hypochlorite and
three or more with acid hypochlorite, followed by boiling sodium
sulfite.

Chlorination causes solution of hemicelluloses and the

sulfite removes lignin without the heavy loss of polyuronide hemi
celluloses.

'The most favored method for determination . of cellulose

has been the Crampton and Maynard (1938 ) modification.

Limitations

of crude fiber and nitrogen free extract in earlier methods as
measures of forage nutritive value were eliminated, especially in
roughages.

Acetic and nitric acid were used to dissolve tissue

components other than cellulose.

This procedure was and still is

favored over older methods because the residue remaining contains
less of the cellulosans than the chlorite sulfite method.

.LO

Modification of the Norman-Jenkins method by Matrone

tl al.

( 1946) shortened the time and increased efficiency of the laboratory
procedure and as a resu.l t the method is used yet in some laboratories.
'lbe authors pointed out that crude fiber is an approximate measure of
true cellulose and that with legumes the relationship between crude
fiber and cellulose is quite close.
true.

However, with grasses- this is not

Cellulose may be 30% greater in value than crude fiber, pointing

out that grasses contain more xylan.
Druce and Willcox (1949) used their dichromate method ccmpared
to the acidified hypochloride-sodium sulfite and nitric acid-acetic
acid methods mentioned previously.

From the analysis of food and

feces of two rabbits, the pentosan content of the detennined

fraction was essentially constant for each method .

11

cellulose 11

A comparison of

these results to like trials for ruminants may differ.

Cellulose

and pentosan seem to be utilized with equal gross efficiency.

A

method grouping these items as a "biological unit tt has merits for
describing the usefulness of feedstuffs to animals.

--

An attempt by

Ely et al. (1953 ) was made to quantitatively identify the constituents
of a "biological unit . "

Further work is warranted in this area of

study.
Cellulose detennination remains as one of the most sought
laboratory analysis for forages.

It is a preferred index o f nutri

tional value of a forage rather than _ crude fiber because the latter
fails to satisfy chemical criteria and reliability. Total recovery
or total exclusion of lignin, cellulose ani hemicellulose is not
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achieved with matured forage using crude fiber as a nutritive
determinant.
Despite considerable research, the biogenesis and true structure
of lignin is not really understood.

Because of its association in the
Lignin

cell wall, lignin is included in the carbohydrate fraction.

i s of interest because of its apparent indigestibility and effect on
the utilization of other cell wall components by the ruminant animal.
At each advanced stage of plant maturity, the presence or lignin
decreases the utilization and digestibility of a forage.

Pigden

(1953 ) showed that lignin distribution varied within range

There was a range from as little as 2% up to

·•

present in grasses studied .
According to Hansen

tl

2ot

grasses.

lignin normally

al. (1958) , polysaccharides are

deposited in the initial membrane or cell plate of the dividing plant
cell.

During ear:1 .y growth stages, the cell plate must also contain

protoplasmic material, even perhaps some noncarbohydrate material
be�ides the pectin, xyl;m and other hemicelluloses present.
L

When

cell division is canplete, the primitive expanding plate reaches
toward the walls of the mother cell in the middle lamella to bind the
two daughter cells.

A large amount of li_gnin is present in the middle

lamella of mature tissue.

In effect-, lignin functions to increase the

resistance of the cell wall to pressure, giving the wal1 both strength
and rigidity according to Fahn (1967) and Gortner and Gortner (1949).
Probably most or the fundamental analytical lignin detennina
tion was achieved

by Norman and

Jenkins (1934a, b).

They showed that
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pentosans may be hydrolyzed and converted to furfuraldehyde s1owly in
tha presence of 72% H2 S04 and the furfuraldehyde in turn can canbine
with lignin, causing high lignin yields.

In the presence of proper

conditions, 2 hours of 72% H2 S04 at 20° C. , this effect was minimal.
·

·Norman and Jenkins started with a 5� H2 S04 pretreatment to hydrolyze
the protein and ran ove the greater portion of pentoses.

After the

72� H2S04 that followed, they suggested a further treatment of the
sample with 3% H2 S04 to canplete hydrolysis and solution of n onlignin

materi al.

Crampton and Maynard (1938) developed a procedure using pepsin
in a 12-hour pretreatment period to diminish the effects of protein
on 1ignin values.

Later methods tried were similar to previous

procedures with the exception of Ellis
an acid pepsin digestion prior to the
Norman and Jenkins method was used.

tl !,!. (1946). The addition
5% HzS04 treatment in the

of

It should be pointed out that

neither group of investigators advocated the use of a correction
factor for the nitrogen still remaining in the lignin.
A review of different methods used for lignin determination
by Thomas and Annstrong (19 49) showed that most procedures removed
n onlignin matter, leaving lignin as a residue.

The major reagent used

was either fuming (42 to 4J i) HCl or 7 2i (by weight ) H2S04 for

hydrolysis of cellulose.

By using different modifications of the 72i

H 2S04 procedures, the differences found in lignin content of grasses
were eliminated because of the correction for nitrogen as a plant

origin material.

Conditions necessary to remove fats and waxes which
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may · be resistant to 7� H2 S04 were studied.

It was found that the

Ellis ,tl al. (1946) method gave higher yields than the Nonnan and
Jenkins (1934 ) method.

The alcohol-benzene extraction did not

completely remove waxes and other substances which would interfere
with the 72i H2S04 treatment and therefore increase lignin yields.

·The

4-hour extraction used by Ellis et al. was too short

to

correct

this error ; however, the 30-hour extraction suggested by Mac Dougall
and

De

Long (1942 ) using alcohol-benzene eliminated most of this

, error .

A final important consideration in lignin analysis is the
manner in which the sample is treated prior to chemical analysis.
Mac ll::>ugall and

De

Long showed that drying samples at 105°

c.

yielded

significantly higher lignin than drying at air temperature at 600

c.

The higher temperature permitted reactions between lignin and both
nitrogenous and c- arbohydrate components of the plant.

Formation of

insoluble artifacts probably from carbohydrates also resulted from
o�erheating the sample�.

--

Ellis et

al.

(19 46) and Gaillard (1962)

confirmed this fact of proper temperature control.

It- was further

shown that the lignin content of young immature tissue was increased
more with higher temperatures than when increased temperatures were

subjected on mature plant tissue.
!Ale to the time required by lignin methods used previously,
these procedures have largely been disregarded.

Developnent of the

Van Soest (1963a, b) lignin procedure is currently popular because
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the detergents used allow for removal of protein

and

other plant

substances without disruption of the fibrous components.
Laboratory Methods Develoned

f2!.

Forage Evaluation

'!he limitations in using crude fiber as a true prediction of
forage quality by Norman (1935) led to an intensive study or other
-· possible methods to estimate for non-nutritive components.

The

Weende analytic al method was unreliable especially in matured plants
with a low nitrogen level.

At times crude fiber was more digestible

th an the nitrogen free extract (NFE) .

A large amount or the llgnin

was extracted into the NFE with more digestible hemicellulose
components causing the highly digestible carbohydrate fraction to
fall below crude fiber estimates.
It was not until Van Soest (1963a) proposed an acid-detergent
fiber and detergent lignin m3thod that reliable determinations could
be used for both roughages and less fibrous feeds.

Id�ally the -fiber

as a chemical entity should contain the cellulose and lignin with as
little linkage with nitrogen substances as possible according to
Walker (1959) .

Van Soest (1963b ) decided upon two detergents that had

promising use with low nitrogen plants.

Sodium lauryl sulfate in

neutral or slightly alkaline solutions and cetyltrimethylamroonium
bromide in _a strongly acid solution yielded two di fferent fiber types.
Cell wal.l constituents (CWC ) in essentially ungraded form were obtained
with the neutral or alkaline method and a smaller yield was more
suitable for lignin analysis in rUlllinant research for forages because
the hemicellulose portio n was removed .
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Additional work by Van Soest (196Jb) led to the widely used
acid-detergent fiber (ADF) and acid-detergent lignin (ADL).

The ADF

analysis is an extraction of plant material in 1 N sulphuric acid
containing 20 g. of cetyltrimethylammonium bromide per liter for 1
hour.

The residue obtained after filtration and drying is A,DF.

Lignin detennination from ADF is obtained by a 2-hour extraction with

72i sulphuric acid at room temperature.

The material is washed free

of acid, dried , weighed and ashed and ADL determined as the loss on
ignition.
A brief survey indicates that even within species the
expressed relationships between lignin and forage crop digestibility

v a:ry co nsiderably (Richards et al. , 1958 ; Sullivan, 1955 , 1959;
Van Soest, 1964, 1965).

These errors may partly be due to the method

of plant sample preparation and mistakes in the laboratory.
Various mechanisms have been suggested by means of which lignin
affects cell wall digestibility , i. e. , encrustation and lignin

polysaccharide complexes.

The quantity of lignin present, certainly

that measured , may be of little importance.

Legumes frequently have

a greater lignin content than grasses when compared at stages of
similar dry matter digestibility and therefore may have a more
intensely lignified cell wall.

Consequently , the proportion of fiber

digestibility is less in legumes than in grasses.

The canponents

comprising the digestible and indigestible fractions are variable
and contribute to differences in digestion between grasses and legumes
(Van Soest , 1965; Osbourn , · 1967).

Differences occur even when tissues
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of approximately equal lignin content are compared (Ghose and King,

1963 ; Allinson and Osbourn, 1970). Similar results were found in

earlier .work done by Quicke and Bentley (1959) , in that changes in

·the lignin content of mature forages were too similar to acc<?unt for
observed differences in cellulose digestibility.

This possibly

indicates that equally lignified cell wall fractions may have
differing availabilities to the ruminant animal and offers another
reason for the lack of consistency in lignin and forage quality

relationship.
The Van Soest (196Jb ) method has not completely eliminated..
disagreement among workers because lignin itself is not a stable
plant component.

Intrinsic differences in the chemical composition

of forages leads to differential component utilization.

Still the

Van Soest method remains the best possible procedure today when
compared to metho'is of lignin determination used in the past.
,!!l Vitro Technique for � Matter Digestibility
Study of forage nutritive value using i!!, vitro rumen ·rermenta
tion began almost simultaneously at several laboratories.

Perhaps

the earliest complete paper written about the subject was done by
B arnett (1957).
to

Bl

He related the apparent . crude fiber digestibility

vitro digestibility of cellulose from silage.

Earlier Pigden

and Bell (1955 ) in their written abstract found a good estimate of
organic matter digestion

in �

was obtained from the

.!!l

vi tro

fermentation of anthrone carbohydrate as did Baumgardt and Hill

(19 56). Asplund tl al. (1958 ) reported a correlation of 0. ?1 between

\

2J
iQ. � and i!}_ vitro dry matter digestibility of the different hays
they studied.

Kamstra

tl

al. ( 1958) related the stage of maturity

and lignification of forages to in vitro cellulose digestibility.
Their work initiated Quicke _tl al. (1959 ) to continue comparisons of
the in vitro cellulose digestion relationship to lignification in
plants an d their digestbility in animals.
as long as 96 hours were used.

Hershberger

In vitro digestion periods

2.1

al. (1959 ) fou nd that

there .was a high correlation between i!2_ vitro cellulose digestion and
.!E, � cellulose and energy digestibilities.
Concern was shown during the early trials using

1J2

vitro

technique about the condition or state of the forage prior to study.
Reid

tl

al. (1959) studied mixed pasture forages in the fresh , oven

dried and freeze dried state.

They found that � vivo dry matter

dit:;estibility was most accurately predicted from !!! vitro dry matter
digestibility of oven dried samples (r = 0. 98) although the fresh
and freeze dried forages had higher in vitro digestibilities.
Still another concern with

i!l

vitro work was poin ted out by

LeFevre and Kamstra (1960) who had made in vitro and in � compari
sons of cellulose digestion and found an earlier correlation of r =
0 . 84 to be greatly reduced to r = 0 . 40 after long periods of storage .
Clark and Mott (1960 )

in

their dry matter digestibility study also

dealt with the reliability of data from stored forages.
o f known

i!2 �

digestibil ity were checked first by

bility techniques.

i!!

Eleven forages
vitro digesti

They found in vitro digestibility estimates

obtained during the spring to be significantly correlated with i!!, �
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data.

However, when the i!!_ vitro trials were repeated in the fall, a

reduction in digestibility occurred and the correlation was reduced to
0. 49.

They postulated that reduced dry matter digestibility may have

been due to changes in the stored forage or decreased activity of rumen
microflor a .
Bowden and Church (1962 ) also found discrepancies in i!2, vitro and

� .Y:i.Y.2

of time.

relationships using forage samples stored for different lengths
l!!, vitro dry matter and cellulose digestibility were obtained

for- 39 samples of tall fescue representing 2 to 4 cuttings per year over
a 4-year period.

Correlations between

.!!l

vitro and in

.Y1..Y2

digestible

dry matter were highest for the s amples analyzed soon after harvest.
Eight forages harvested in 1960 had a coefficient relationship of r =
0. 93 ; but, when the re sults for s amples from the other 3 years were
included, the correlation coefficient was reduced to r = 0. 73 •

.Im even

greater reduction occurred with in vitro digestible cellulose where the
correlation coefficient was reduced from r = 0. 87 to r = 0. 49 .
During the following years, many attempts were made to establish
relationships between

1!!

determined with anim als.
technique of Quicke
hour

ill vitro

tl

vitro measurements and nutritive value as
Donefer tl,

al. (1959 ) .

&·

(1960 ) modified the

i!2

A close relationship b etween 12-

cellulose digestibility

and

the nutritive value index,

an expr ession of digestibility and intake formulated by Crampton
(19 60), was found.

vitro

tl &•

By study of rate curves for different forages and ·

r ememb ering that the shape of the sigmoid curve was not always related
to fi nal digestibility of the forage, it was concluded that a 12-hour
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digestion period was a better indication of digestion rate in the rumen.
Reid

tl &•

-

(1960 , 1964 ) made similar comparisons using e arly gas pro

duction in vitro as the key index of nutritive value .

--

Johnson et al.

(1962 ) and Johnson and Dehority (1968) found similar rate curve s.
Baumgardt

tl

al. (1962a , b ) evaluated various in vitro laboratory

technique s used in determining the nutritive value of forage s of known
digestibilitie s from conventional dige stibility trials.

The artifi

cial rumen method in vi tro cellulose digestibility values were signifi
c ru-itly correlated to total dige s tible nutrients , dige stible organic
matter , dige stible dry matter and digestible energy value s that had
been e arlier studied � �.
Mo st of the material given previously centered on the study
principally of

i!l

vitro cellulo s e digestibility (IVCD) .

Methods used

were so refined that a s ample as small as one-half gram was used ;

consequently, residue material was difficult to analyze .

Repe atability

of results was very hard to obtain with such a small starting amount
·or s ample.

Another serious handicap was shown with the legume s that

had a higher protein content.
with IVCD.

Here only one component was e stimated

A study by Tilley e t al . (1960) showed that there was

close agreement between in vitro and in � dry matter diges tibility
with feeds low in dige stibility (below 60%) and of low protein content.
Fe eds with higher digestibility and higher protein content had in vi tro

digestibilities as much as 10% lower than in vivo value s .

The author s

b elieved that , although much of the digestion proce s s in the ruminant
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animal occurs in the rumen, digestion or protein occurs further down
in the digestive tract.
It was on this basis that the proteolytic enzyme pepsin was
suggested for use in a secondary digestion stage.

Using this new

method, the standard error of the estimate of digestibility was reduced
and there was an alteration in the slope of the regression - line.

All

values obtained were closer to � � studies with the highest corre
lation increase from forages with high crude protein.
technique for

1!!

The new

vitro dry matter digestibility eliminated the need

for cellulose analysis of the sample and residue.

It has been a major

factor for the wide use of ,!!! vitro dry matter digestibility (IVDMD)

because over 200 samples can be run at one time.
Tilley and Terry (1963) described their two-stage in vitro dry
matter digestibility procedure more completely.

They suggested that

there were unavoidable variations in digestive efficiency between

experiments and the procedure worked best when similar forages were
c anpared within the same experiment.

It was found advisable to leave

the donor animal on ad libitum intake and to use large . volumes of
rumen liquor.

Separate study showed no changes occurred in digesti

bility values when s amples were dried at 100° C. for 4 days .

Finally,

s ample s should be ground only fine enough to insure _ adequate s ampling. ·

Using 148 s amples, they found high correlations between � ,!!Y2 and
� vitro dry matter digestibility.
Using

Valid estimates of digestibility were obtained by Barnes (1965 }

1!l

vitro techniques where forages were compared in the same
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trial.

In a study designed to evaluate the worth of various solubility

and 1!!, vitro rumen fermentation procedures for estimating IVLMD, Barnes

(1966 ) found that a 48-hour fermentation followed by a 24-hour pepsin
digestion gave the highest relationship with
bility (r = 0 . 97) .

iu �

dry matter digesti

The Tilley and Terry method therefore worked well

tor evaluation of grasses and legumes at the same time.
Later comparisons of several laboratory techniques for predict
ing in � dry matter digestibility by Oh et &• (1966 ) and Johnson
and Dehority (1968 ) showed that the two-stage IVDMD procedure was

best.

In a collaborative study with several laboratories, Barnes

(1967 ) investigated the magnitude of i!2 vitro digestion and the

variability associated with the
( The

1!l

1!2

vitro rumen fermentation technique.

vitro digestibility of cellulose and dry matter was ob tained

tor three forage substrates analyzed in three runs with duplicate
determinations.
hours.

Length of incubation was set at 6, 12 , 24 and 48

Digestibility increased as the length of incubation increased

but at different rates for grass and legume substrates.

'lhe precision

or the technique was greater vi.th longer fermentation periods such as
used in the two-stage procedure.

Overall variability among labora

tories was greater than among runs wi thin laboratories which was
gre ate r than between duplicate determin ations within runs.

Over all, rapid evolution of � vitro forage evaluation techniques

in wi dely separated laboratories led to numerous approaches with
Similar final conclusions.

The methods thus were not standardized

and did not cope with the variables in a consistent manner.

Analytic al
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s tudy of the many variables has been due to the following errors :
(1) variations in microbial population due to the diet or the host
animal, animal to animal differences and differences in inoculum
processing; (2) variation due to different storage, grinding and
processing techniques in s ample preparation ; (3) differences a ttrib
utable to inoculum (s ample ratio, buffer and nutrient medium ) ; and
(4) procedural variations suc h as length of fermentation, criteria
of digestibility and laboratory errors.
Variations and errors have been reduced by attempts to :
1.

Use fistulated animals of the most like genetic background,

twins if two animals are required for study.

Animals can also be

chosen through comparative in � digestibility trials with appropriate
statis tical
2.

analys e s

before

in

vitro trials begin .

Feed the source animals according t o standard regimes

sim ilar to the forages being evaluated in vitro.

The

be main tained on this diet for several days prior to
t o allow rumen microbes to adjust to
J.

the

animals should

i!l

vi tro trials

diet.

Use a standard sampling time , set to get maximum rumen

microbes to adjus t to the diet.

4.

Use whole rumen fluid as inoculum .

5.

Us e

6.

In each trial, include standard forages for which

Mc Dougall ' s ( 19 49 ) solution as the s tandardized

art ificial saliva.

digestibility data are available.

1!! �
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· ?. Adjust water bath incubator to 39 0 c. , the actual
temperature in the rumen of the live animal.

8.
. 9.

Calculate digestibility relative to the standards •
Report measures of variation and include where appropriate

varianc e c�ponents and standard errors of estimate.

Applicati ons of Native Forage S tudy
The chemical nature of plant fractions is poorly defined as a
chemical entity and is best defined in the form of analyses of
procedure.

Practical application of plant evaluation or characteri

zation studies can be divided into two categories for ease of under
standing .

The first is nonchemical or practical application studies to
help the ecologist and rancher.

These have been concerned with the

effect of cutting frequency and grazing effects on plant and animal

preferences .

The chemical composition of pasture plants has been

studied by universities located near range vegetation. These s tudies
have helped principally. both the plant breeder and range management
nutritionist in their work.
Branson (1956 ) studied the shoot and root production after

clipping at different intervals .
smithii), bluebunch wheatgrass

Western· wheatgrass (Agrop:yron

(!. spicatum), needle and thread (Stipa

C ODlata ) , Kentucky bluegrass (f.2.! pratensis) and blue grama (Bouteloua

gracilis) were used in this study.

They found growth of both shoot

and roots varied inversely wit..l1 the number of clippings.

Root

production of control or nonclipped bluebunch wheatgrass was over 100

JO
times as great as in clipped plants ; however, shoot production was

just over twice as great in control plants.
Differences in resistance to clipping in certain species of
forage were e-yident.

Wright (1967 ) compared squirreltail ( Sitanion

. hystrix) and needle and thread grass.

Damage to the grasses as a

result of clipping was least when plants were clipped at seed maturity.
Both cool season grasses were damaged if later clippings were taken .
It was evident that if plants were n ot dormant after seed production
keeping the grasses from grazing when temperatures were high was
advisable .
Accompanying work of this type has been the grazing studies.
Cook and Stoddart (19 5 3 ) suggested that a plant' s ability to withstand
heavy grazing was associ ated with "the ability of the plants to
regenerate foliage ti ssues. 11

Lodge ( 1954 ) found that most dominant

grass species dec_reased with intensive grazing ; however, �. comata and
�- gracilis increased in one of four sites used for the study.

In

graz ing studies, animal preference for certain species of plants at
different times of the year was evident.

Reppert (1960 ) observed the

grazing preference of cattle on native sandhill pastures.

S and

re ed.grass ( Calamovilfa longifolia) was the main diet constituent in
late winter and in the summer.

Blue grama was preferred . in the winter.

Needle and thread was important during spring and autwnn as were other

cool season species.

Preference was not entirely associated with

abundance of the species.

Animals preferred more palatable g rasses

With hi gher nutritive values during the differe nt times of the year.
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· Ecologists have studied the areas in the Great Plains and
Southwest where the prairie grasses have survived.

Objectives or

similar studies were used to gain a background as to how forages
responded to mechanical harvesting and adverse conditions.

The

rancher was also provided with information related to grazing prefer
ence and how best to supply adequate pasture for the - number of animals

he had.

Perhaps these studies have shown the need for chemical

analysis as an important tool in evaluation of native forage.
The drought in the 19J0 1 s brought some great changes in the
thinking of some people.

Native grasses appeared to offer the greatest

o pportunity for regrassing abandoned farm land as pointed out by
Harlan (1960).

Advantages were found PY seeding these grasses with

newly introduced species such as crested wheatgrass (Agropyron

cristatum) .
Work with native grasses resulted in the release of several
improved species (Harlan, 1960) .

Plant breeders released green stipa

grass from North Dakota, trailway side-oats grama and butte side-oats
grama from Nebraska, Kaw big bluestem from Kansas and Tucson side-oats
grama from Oklahoma.

Only a few of these grasses were used on a

subst antial basis, but it has been shown that new strains can be
developed.

A limited amount of resear ch of chemical analysis has been done
on prairie grasses.

Most research seems to have been centered on

routine analyses such as protein, cellulose and other carbohydrates
as measures of nutritive value. 'Ille lag in carbohydrate research

resulted from the complexity of holocellulose and the various
components within it.
The chemical composition of range plants has been shown to vary
greatly in relation to stage of maturity, seasonal conditions, rainfall
and a number of other factors.

Hopper and Nesbitt (1930) and Sarvis

(1941) in early studies found that protein decreased with advancing
maturity• . Whitman

tl &· (19.51 )

found that, while all plants studied

decreased in protein content during the season, there were higher
levels of protein in the warm season grasses that matured before cool

season grasses.
average of

Blue grama contained the highest seasonal protein

5. 92% in a study by Rogers and Box (1967) and showed the

greates t response to early fall precipitation of any grasses studied

by Rauzi

tl

al. (1969).

Numerous studies have been done on carbohydrate reserves present
in the crowns and roots of plants.

The stored reserves represent an

accumulation of materials above present photosynthesis needs of the
plant.

Most studies as . expected have dealt with the effects of clipping
upper plant parts. Dodd and Hopkins (19 5 8 ) found that - the stored
carbohydrates declined following defoliation of blue grama.

to

According

Kinsinger and Hopkins (1961 ) carbohydrates accumulated after seed

formation and when plants approached dormancy.

The stored carbohy

drates are available energy stores for the next year ' s growth in the
Spring.

Much less research has been completed in detennining the

percentage of holocellulose, hemicellulose and individual sugars
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present in native grasses.

Webster

tl

al.

(1963 ) found that holo

cellulose values were highest during the dormant winter season.

Their

two-year study indicated that a high total amount of energy was availa
ble for winter grazing of grasses .

More research was suggested in

this area .
Laboratory di gestibility is a . more recen t tool used to supple
ment laboratory analysis of the individual chemical compounds.

Its

value c an be shown in charac terization studies between warm and cool
seas on gras ses .

K amstra et al. (1966) found a significant ( P c::::: . 01 )

difference in the dry matter di gestibility between cool and warm
season grasses.

The digestibility of the cool season grasses decreased

as much as 20% from June to August with a small recovery following
August rainfall.

Warm season grasses declined more sharply in

diges tibility un til August , after which there was as much as a 20%
increase in digestibility following late rainfall .
A North Central cooperative project entitled " Biochemistry of
For age Utilization by C attle and Sheep" involving thirteen state s was
largely instrumental in promoting studies of thi s nature.

The various

phase s of the total project were viewed to include the chemical data
obtained from native grass studies at the Cottonwood and Antelope
Range Field Stations .

This study , however, consider s in depth only

the work at the An telope Ran ge St ation.
The prairie has remained as such with no help from man for an
indefinite time .

fue to the terrain where prairie grasses and forbs

exist , it seems impossible at this ti.me to predict the future of the
natural prairie land s .

Man may be forced to utilize the prairie wi th
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Chemical

cultural development due to expanded population growth.

data whi ch provide insight into the potential of prairie grasses in a
changing world should provide for their preservation.
rely upon yearly environmental conditions.

These plants

Any chemical dat a which

provide insight into the potential of prairie grasses should open
avenues for their place and need in today 's agriculture.
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METHODS OF PROCEDURE

Location , Harvesting and Preparation of Forages
The Antelope Range Field Station is located approximately 15
miles east of Buffalo , South Dakota , in Harding County.

It is in the

lowest precipitation zone of the state where annual rainfall averages
about 13 inches.

Soils lo c a ted in this dry part of the Chestnut soil

zone have a fine sand incorporated in their surface horizons .
-- - - Three replicate plots for e ach of the four grasse s studied
were located on a permanent exclosure near the south central edge of

the Antelope Range Station.

Sample s were collected at five different

growing period s during the 1968 growing season.

Actual collection

dates were June 17, June 28 , July 17 , August 16 and Septembe r 13 .
s amples were air dried at the collection location.

All

They were further

oven dried at the laboratory at 90° C . for 24 hours and ground
through a 40 mesh screen using a Wiley mill ( intermediate size) .
Grass samples were s tored in tightly closed glass bottles until used
for analysis .
Grass Specie s Studied
The grass es s tudied include d blue grama, sand reed grass, needle
and thread and thre adleaf sedge.

A description of each grass studied

is given.
Blue Grama.

Blue grama is a short, warm season perennial

grass that grows 6 to 20 inches tall.
curled, bu t generally flat.

Leaf blades are narrow, of ten

Inflore scence is a one-sided spike up to

2 inches long which is curled at maturity.

Each slender seedstalk

usually produces two spikes which remain attached to the seed.stalk

after maturity.
Blue grama is widely distributed on range sites and is often
dominant in all sites except wetlands.

It will withstand extreme

drought and revives quickly when favorable weather returns:

Blue

grama thrives best when not shaded by taller grasses and is an
increaser grass when the taller grasses are reduced by heavy grazing.
Due to its short height, blue grama is considered unimportant for hay.
However, it is quite palatable, especially in the late summer and fall,
and retains its high nutritive value for winter grazing.
� Re.edgrass.
perennial grass.

Sand reedgrass is a stout, warm season

It is 2 to 5 feet tall with long scaly rhizomes.

Inflorescence is an open panicle 6 to 12 inches long, narrowed at the
base and top but spread out near the center.

Light green to straw

colored leaves are found principally on the solitary stems of the
grass.
Sand reedgrass is found on loose sand dunes and prairies
throughout the north central Great Plains.
spring and throughout the summer.

It grows rapidly in late

Although somewhat coarse and

atemmy, the palatability of sand reedgrass is fair.

primarily in midsummer through the winter.

It is grazed

Prolonged overgrazing

tends . to kill out the grass, but it is quite resistant to drought • .
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- Needle � Thread.

Needle and thread is a cool season grass

growing from 1 to 3 feet tall.
rhizomes.

It grows in bunches but possesses no

Inflorescence is a narrow, loosely spread panicle.

The

seed has a wavy twisted awn 4 to 5 inches long attached to the upper
end of the seed that shatters readily at maturity.
This native grass is common on most medium and heavy textured
soils and is often associated with blue gram.a and threadleaf sedge.
During the early spring through mid-June, needle and thread is very
palatable.

In the midsummer, the grass is semi-dormant until late

summer when growth begins after more favorable climate conditions.
The grass is considered an increaser because of its cold resistance,
fair tolerance to drought and grazing and ample seed production.

On

less favorable sites with heavy spring grazing, it is a decreaser.
Also, the awned seeds may be mechanically in jurious to grazing animals
until they are shed after maturity.
1hreadleaf Sedge .
of the sedge family.
on sandy fiats.

·Threadleaf sedge is a short _ growing member

It is more common in drier regions, especially

The grass is recognized by its fine, thread-like�

deep green, rolled, glossy leaves.
bunches.

Plants develop in dense clmnps or

Infiorescence is an oval-shaped spike located at the extreme

tip of the stem.

Thread.leaf sedge is one of the most common plants growing in

the short-grass and mixed grass regions of the prairie .
a subdominant grass with blue grama.

Usually it is

It withstands grazing, but

severe overgrazing hinders future growth.

J8

Holocellulose Preparation
Holocellulose was prepared by the method of Whistler _tl al.

(1948) u sing a 3 g. sample of pooled replicates from each collection
period.

The procedure involves the use of sodium chlorite as an

oxidizing agen t .

As prepared b y this method, holocellulose comprises

70 to 80% of the dry mat ter of grasses.

It is made up o f hemicellulose

and cellulose frac tions essentially free from the encrustation of
lignin.
Hemicellulose Preparati on
The cellulose and hemicellulose separation from holocellulose
and the acid hydrolysis of hemicellulos e to free . su gars was determined
according to the procedure of Myrhe and Smith (1960 ) .
wi th certain modifications as follows :

I t is outlined

To 2 g. of holocellulose

weighed into a 200 ml. centrifuge bottle , 50 ml. of 1 0 ; NaOH was
added and agitated occasionally over a 4-hour period.

The mixture

was next centrifuged at 1500 rpm for 10 minutes and the supernatant
was decan ted and retained in a 2000 ml. beaker.

To the residue

remaining, 25 ml. of 10% NaOH was added and heated for 3 hours a t 80°
C.

Again, the mix ture was centrifuged and decan ted.

The residue was

washed with an addit ional 200 ml. of distilled water followed by
several periods of centrifugation and decantation as before.

Residue

that still remained was washed wi th acetone and e ther in to Gooch
crucibles, dried for 4 hours at 1050 and ashed for 2 hours at 760°
This was calculated as cellulose from holocellulose.

c.
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To the hemicellulose supernatant remaining in basic solution,
glacial acetic acid was added until a plif 4.8 was attained.

About four

volumes of 95% ethyl alcohol were added and the mixture was allowed to
precipitate overnight .

The exce s s alcohol is gradually removed by

decantation from the precipitated hemicellulose until it can be
contained in a 200 ml. c entrifuge bottle .

After centrifugation the

supe rnatant was poured off each time and discarded .

After all of the

hemicellulos e had been added to the centrifuge bottles , it was washed
with an alcohol acid solution ( 25 ml. water , 1 ml. acetic acid and 74
ml. e thyl alcohol ), four washe s of ethyl alcohol , two washe s of ethyl
ether and dri ed in a vacuwn oven.
Preparation of Sugars From Hemicellulos e
To 1 g . o f hemicellulose i n a reflux flask, 1 0 ml. of 1. 0
N H2S04 was added and refluxed for 9 hours at a slow boil .

A small

amount of insoluble re s idue was removed by centrifugation and di scarded.
The s olution was neutralized with barium carbonate, stirred intermit

tently for 4 hours and centrifuged .

The clear supernatan t s aved was

passed through anion and cation resins ( Amberlite I -R-120 , H 20-50

mesh ; Re.xyn 203, OH) by four distilled water washes .
concentrated using a rot ary vacuum dr)rer.

The sugars wer e

The concent rated syrup

that remained was diluted to 10 ml. with di stille d water and placed in

scr ew capped glass tubes th at were re frigerated .

An aliquot weight of the neutral sugar s was determined by
adding 1. o ml. of the sugar hydrolyzate to a tared alumi num pan .

The

s ample was then dried in a vacuum oven at 60° C . and weighed again.
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The difference between the two weights was considered the weight of the
neutral. sugars per milliliter.
Sheets of Whatman No. 3 filter paper were cut to a width of
18. 5 :inches.

Two pencil Jines 2 inches apart at the top of the paper

were drawn to act as guides

in

and for application of spots .

folding the paper ove r the glass rods
One 25 � (lambda ) of each sugar hydroly

zate was spotted upon the paper.

It was necessary to limit the size

of the 25 � application by repeated spotting and drying periods.
Papers were hung in a chromatographic chamber containing a
saturated atmosphere of butanol-pyridine-water ( 6 : 4 : 3 v/v ) .

S olvent

was added to the trough and papers were irrigated during a 34-hour
descending period.

Xylose , arabinose , glucose , galactose , glucuronic

and g alacturonic stand ards were also prepared for chromatography at
a concentration of 10 mg. per ml . (1 g. per 100 ml . ) .

The papers were

removed from the chamber and dried at room temperature.

They were then

sprayed with the aniline hydrogen phthlate mixture developed by
Partridge ( 1948 ) made by dissolving 1 ml. of aniline and 1. 82 g. of
phthalic acid into 100 ml. of water saturated n-butanol.
dried in an oven at 1050 C. for 15 minutes.

Papers were

Relative amounts of each

sugar were measured by a Photovolt Densitometer (Model 425 ) read
directly from 1 . 5 inch chromatograph paper strips cut for each sugar.
Cellulose Analvsis

The cellulose content was also determ ined by the method of

Crampton and Maynard (19 38) with slight modific ation s .

One-hal f g. of

forage was weighed into 100 ml . polypropyl ene centrifuge tubes .
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Twelve ml. of glacial acetic acid and 2. 5 ml. of concentrated nitric
acid were added and the tubes were boiled in a water bath for 20
minutes.

Tubes were c ooled, filtered through Gooch crucibles and

washed with hot water, acetone, benzene, acetone and ether in the
order listed.
Gooch crucibles that now contained the cellulose residue were
dried for 4 hours at 1 0 5°
2 hours.

c.

and weighed before ashing at 7600 C. for

Following ashing, crucibles were weighed and percent

cellulose calculated as follows:
Initial sample wt.

=

0 . 5 g.

Dry wt.

=

crucible + dry washed sample

Ash wt.

=

crucible + wt. of ash

dry wt. - ash wt.
Percent cellulose content = --------- X 100
initial sample wt.
Fiber and Lignin
The method of Van Soest (196 3 ) was used to determine aciddetergent fiber and acid-detergent lignin content of the forage
s amples.

The

only change was the use of Gooch crucibles wi. th an

asbestos pad for filtering rather than filter sticks.
Crude Protein

A . O. A . C. (1960 ) method of analysis for the determination of

crude protein in forage samples was used.

'Ihe percent of protein was

determined by multiplying the nitrogen c ontent of the plant times the
fac tor 6. 25.
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!!'l. Vitro

� Matter Digestibility

.!!!, vitro dry matter digestibility was conducted using a pro
cedure based on that of Tilley and Terry (1963 ) .
is outlined as follows :

'Ille procedure used

One-half g. of forage was weighed into a 100

ml. polypropylene test tube which also served as a fermentation vessel.
A water bath incubator was adjusted to 39°

c.

on the day or the trial.

About 1 hour prior to the addition of the rumen inoculum 25 ml. of
Mc Douga.ll ' s solution was added to each tube in the water bath.

The

rumen inoculum was collected about 2 hours after feeding by removal

of ingesta from a· rumen fistulated steer and squeezed through eight
1ayers of cheesecloth.

The rumen fluid was transported to the

laboratory in prewa.rmed thermos jugs and restrained through eight more
layers of cheesecloth.

The strained rumen fluid was then mixed with

prewarmed Mc Dougall ' s solution in a ratio of

added to the fermentation vessels.

1. 5 :1. 0 and 25 ml. were

It was important to work rapidly

throughout this stage to avoid chilling of the rumen inoculum .

During

addition to the test tubes, the solution was kept well mixed with
a magnetic stirrer to prevent settling of suspended material .

After

the addition of the rumen inoculurn, the test tubes were stoppered
tightly with Bunsen gas release valves.

After 2 hours of incubation

the tubes were shaken to resuspend the substrate using a . gentle
swirling motion to avoid splashing of material onto the sides of the
test tube.

The test tubes were shaken every 8 hours throughout the

fermentation period following the first shaking at 2 hours .

· Af'ter 48 hours of incubation the tubes were removed from the
water bath and 1 ml. of

bacterial action.

5i

mercuric chloride was added to stop

The tubes were allowed to set approximately 1 hour

prior to centrifugation.

The sides of the tubes were washed down with

distilled water and a rubber policeman to remove adhering residue.
The test tubes were centrifuged at 1500 rpm for 10 minutes - and the
supernatant drained off.
Following completion of the bacterial fermentation 50 ml. of
pepsin solution (Tilley and Terry, 1963) were added to initiate the
second stage pepsin digestion.

It was important that the fennentation

residue was resuspended in the pepsin for 48 hours at 39°
were swirled every 8 hours during pepsin digestion.

c.

'lubes

After 48 hours,

the tubes were washed as described previously and centrifuged at 1500
rpm for 10 minutes.

The supernatant liquid was poured off and the

test tubes plus residue placed in a drying oven at 9 0° C. for 24 hours.

In addition to the test forage samples, three tubes were carried

with the exception that they contained
through the entire procedure
.
.
no forage. sample.

These "blank" tubes served to provide the residue

values of fermented inoculuxn.

l!:!, vitro dry matter digestibility (IVll1D) was calculated by the

following formula:

sample dry _ resi due of
fermentati on
IVIMD = 100 X matter
sample dry matter

residue of
inoculum
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RESULTS AND DISCUSSION
Comparison of � Grass Speci es at Five Selected Collection Dates
This study was conducted to determine individual chemical
c hanges occurring within a grass spe cies during a growing season .
Important species representatives of the ecologi cal groups termed "cool
and warm season grasses" included in the grass c ollections a.re shown
in figures 1 and 2 .

Th e study was an effort t o demonstrate any

c hemical differenc es due to se ason of growth.

Often a particular

prairie grass species · acted as a, chemical entity in itself regardless
of its season of optimum growth .

The four prairie grasses blue grama,

sand reedgrass, needl e an d thread and thread.leaf sedge c annot always
be c ompared to each other bec ause of . spe cies and dat e interac tions .
Each species was presen ted by itself or all grasses described collec
tively if chemical changes were similar .
The most evident variable c ausing chemic al changes in prairie
grasses seems to be normal climatic conditions occurring during a
growing season.

Prairie grasses exist in such haz ardous growing

r e gions th at at best a study of them can be used at present to predict
c hemic al ch anges usually o ccurring during a growing season.

Similar

chem ic al chano-es have been found wi th introduc ed grass· species such
t:>

that c ertain generaliz ed c onclusions can be made :
1.

Fibrous fractions increase as the plant m atures.

2.

Th e highest protein values occur in the e arly growing
season wi th progressive decre ases in protein c onten t
as the plant matures.
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3.

Di gestibility usually declines as the growing season
has advanced especially after infiorescence .

4.

Grasses that are highly lignified are less digestible.

5 . Holocellulose comprised of the subfractions cellulose ,
hemicellulose and uronic acids represents the largest
_ single fraction isolated from a plant and contains the
major portion of all carbohydrates.
6.

'fue important neutral sugar components o f hemicellulose
are xylose , arabinose, glucose and galactose regardless
of species.

The four prairie grasses used in this study followed similar
patterns when compared as a group.

Cellulose, acid-detergent fiber

and acid-detergent lignin of all grasses increased significan tly
(P .::::. . 01 ) with later maturity.

Crud e protein decreased significantly

(P �. 01) as did 1!! vitro dry matter digestibility.
'When species means were calculated, differences in chemical
composition were indicated (table 1 ) .

Blue grama was higher in crude

protein, generally lower in acid-detergent fiber and somewhat higher
in holocellulose.

Blue grama appe ars to be a better prairie grass

than the other warm season grass .
growing species.

However, blue grama is a short

This is one undesirable trait.

Acid-detergent fiber

and cellulose were at higher levels in sand reedgrass than any other
grass.

48

TABLE 1 .

AVERAGE CHEl1ICAL COMPOSITION AND IN VITRO DRY MATTER
DIGES TIBILITY OF GRASSESBlue
grama

Sand
reed
gras s

Needle
and
thread

Threadleaf
sedge

71. 77a

71.46

70. 00

60. 40

33. 74a

42 . 58

32. 06

32 . 90

39. 47

40. 2 8

42 . 5 5

38. 58

Xylose , O. D. b

1. 76

1 . 75

1 . 81

1 . 73

Arabinose , O. D.

1. 46

1. 46

1 . 45

1.50

Glucose , O. D.

O. 97

1 . 15

0. 9 2

0. 62

Galactose , O. D.

0. 79

0. 59

0. 58

0. 94

Neutral sugars, g .

% **

0. 91

0. 91

0. 83

0. 75

• 36. 65

42. 19

37. 42

33. 58

3. 74

3. 95

5.15

3.82

Cellulos e , % * *

30. 63

38. 44

33. 47

26. 71

8. 57

6. 82

6. 44

7. 82

61.97

60. 02

56. 18

62. 53

Holocellulose ,

% **

Cellulose from holocellulose,
Hemicellulose , ;

ADF,
ADL ,

**

% **

Crude protein , % **
IVu'1D,

% **

i **

* * P .::::::. 01 between species.
a Representative of mean from single sample for each collecti on
date .
b Optical density.

Needle and thread contained the most acid-detergent lignin

and

hemicellulose but had the least c rude protein and ,!!!, vitro dry matter
digestibility.

Needle and thread was low in nutritive value compared

to the other gras ses studied.

Threadleaf sedge had the highest 1!!,

vitro dry matter digestibility mean and consequently had lower . fibrous
fraction s such as acid-detergent fiber.

These results were in agree

ment with Campbell � al. (1966) .
The specie s differences in chemical analysis were closely
related to the anatomical characteristics of the gras ses.

Blue grama

and threadleaf sedge were both shorter growing and les s coarse than
the other two species .

The fibrous components and lignin were lower

and therefore the gras ses had higher digestibility values .

Since the

s tem contains the greater fibrous fraction , it would appear that plants
containing more stem ti s sue would be les s digestible.

Both needle and

thread and sand reedgras s were tall gras ses that were les s digestible
and more fibrou s.
Chemical Composition and

.f!2

Vitro Digestibility of Gras ses With

Advancing Stages of Maturity
Little research has been conducted in the area of laboratory
evaluation of prairie gras ses to determine their nutritive value.

The

majority o f work u sed for reference with thi s s tudy relied upon results
of data pertaining to blue grama.

Little information was . available

for the other gras ses, · s and reedgrass, needle and thread and threadleaf
sedge .
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As mentioned previously, samples of the four prairie grasses
were collected on June 17 , June 28 , July 17 , August 16 and September 13.

Least square analyses of variance showed definite significance (P <. 01)
between species . and date during the growing season.
Holocellulos e .

The contribution o f holocellulose to the total

plant fraction for the grasses is given in figure 3.

Mean values

were different amon g the grass species for holocellulose and its
subfractions hemicellulose and cellulose .

The holocellulose fraction

of c arbohydrates is highly important in livestock feeding since it
forms about three-fourths of all the dry matter in plants.

A mean

holocellulose average for all f� ur grasses was 67. 3% and this was
in agreement with F1.anders (1952b ) a,nd Ely and Moore ( 1955b).

The

yields for holocellulose ranged from 60 to 85% for hays and straws
used in their work.
Blue grama , a warm season grass, contained the highest percentage of holocellulose when compared to the other grass species at
the first collection date on June 17.

Eleven days later it had

continued to increase from 69. 3% to 73. 2�.

A drop in holocellulose

occurred in July but there were continued percentage incre ases during
August and September.

The carbohydrate fraction re�ained quite high

during the gr owin g season.

The results obtain ed are in close agreement to the work of

· K am stra !_! !!_. ( 1968 ) at the Cottonwood Station.
were also made from June through September.

Fi ve collections

Although the holocellulose

percentages were somewhat highe r, blue grama followed the same

. 51

HOLOC �LLULOSE

• ••••••.•••.•.•.. .Need I e and Thread
• - • _ . - . •Th rea d l eaf Se d ge
-----B l ue G ram a
� - - - -San d Ree dgra s s

80

75

70

"'
a.

•

(J

•I

/

I

65

60

55
�

"'

z
::,

...

C()

N

w

z

....

::,

Fi guro . J .

�

�

....

::>

Hol o c ell u l o s e

-.

(D

c.,

::>
ct

-

Ii:w

(I)

compon en t of gr ass e s .

52
pattern evident

in

this study from the Antelope Station.

The carbohy

drate reserves of blue grama evidently build up after the plant has
produced its seed head.

Similar trends existed in the hemicellulose

fraction of holocellulose to further verify these results.
Holocellulose content

in

the other wann season grass, sand

reed.grass, gradually increased throughout the growing season.

The

percentage of holocellulose remained at a constant level as the grass
became coarse and stemmy after development of the seed head

in

July.

Needle and thread and threadleaf sedge progressively increased
in holocellulose content from June through September.
percentages increased

a;

and 11%, respectively.

Holocellulose

Threadleaf sedge

contained the lowest holocellulose mean average near 60%; however , it
displayed the most pronounced continuous increase in holocellulose
content over the entire collection period (figure J ) .
Cellulose � Holocellulose .

Cellulose and hemicellulose were

extracted from an i nitial 2 g. sample of holocellulose.

Both cellulose

and hemicellulose are major components of holocellulose, thsir
individual percentage content added together nearly equals the holocellulose fraction.

Blue grama and sand reedgrass followed similar pattern changes

in cel lulose extrac ted from holocellulos e as shown in figure 4.

Sand

reedgr a s s contai ned about 10·% more cellulose than blue grama. It was
a t all growing grass with a coarser stem than blue grama and this

explai ns why sand reedgras� had a high er fibrous fraction.
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Both grasses decreased in cellulose content from the first to
second collection, reflecting a period of rapid plant growth and high
digestibility.

Sand reedgrass an d blue grama remained at stable

cellulose levels until July and August .

After this time, the cellulose

fraction decreased and the hemicellulose component or holocellulose
increased .

However , the relative proportion of cellulose -to hemi

cellulose over the entire collection period from June through
September did no t markedly chan ge with plant maturity.
are in agreement with Tomlin

tl

These results

al. (1965 ) in their study of grasses

and legumes.
Needle and thread and threadleaf sedge had lower levels of
cellulose th an the. warm season grasses.

The cellulose fraction from

either grass changed less than 3-% during the entire collection period.
Inflorescence commenced in July and seed heads were dropped during
August.

After this period , both grasses continued to remain constant

in cellulose content.

This may explain why these grasses have been

observed to remain quite palatable according to Campbell
Hemicellulose .

tl .&,.

(1 966).

The variations in hemicellulose as shown in

figure 5 demonstrate an instance in which each grass displayed
indivi.dual growth characteristics.

Blue · grama and sand reedgrass

continually increased in hemicellulose.
were more pronounced .

4J. 5i in September.

Changes in sand reed.grass

Values ranged from a low of 34. 4� in June to

2% during the
Hemicellulose content in blue gr ama changed only
tra � .!!_.
growing season. The percentage valu es were similar to Kams
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( 1968 ) ; however, in their s tudy hemicellulose value s wer e erratic
between collection dates.

Blue grama was particularly r esponsive to

envi ronmental changes such as :improved moisture conditions in b oth
studie s .
The hemicellulose percentage s for n e edle and th read increased
during the first half of the collection period followed by a s teady
decrea s e.

Needle and thre ad had the highest mean value s for hemi

cellulose and acid-dete rgent lignin and lowest m e an in vitro dry
matter digestibility (table 1 ) of gras se s studied.

The s e re s ult s

were not in compl ete agreement with Sullivan (1966) since he noted
that in gras s e s there is a negative correlation between the percent
of lignin and hemicellulose.

Grasse s of low digestibility with

pre s umably more lignin were believed to contain less hemice llulo s e
associated with the cell wall.

There is a need for further

s tudy

as

to why results are varied .
Hemicellulose content of threadleaf sedge fiuctuated betwe en
colle ction dates.

The noticeably low fiber pattern for threadle af

s edge in this dete rmination as well as other analyses sugge s ted that
the gras s should be quite digestibl e .

Threadleaf sedg e h ad the

highe st 1!:!, vitro dry matter digestibility mean (table 1 ).
Neutral Sugar Compon ents of Hemicellulose.

The neutral sugar

c omponents of the four prairie grasses studied were found to be

Jty"lo se, arabinose, glucose and galacto s e as shown in figure s 6, 7, 8
and 9 •

Tr ace amounts of g 1 ucuronic
· and galacturonic acid s were also

Pre se nt although no effort was made for their isolation .
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Xylose was the principal sugar present in all grasses followed
by arabinose , glucose and galactose with the exception of threadleaf
sedge.

In this grass, more galactose than glucose was present.

Xylose has been shown to be the main structural chain of hemicellulose
moiety of forage (Myhre and Smith, 1960).

Xylose and _arabinose repre

sented nearly 70% of th e total amount of sugars present.

Any direct

relationship be tween content of neu tral sugars and palatability of a
forage for grazing live s tock has not been shown as yet .
The change in ind ividual neutral sugars was the most noticeable
in blue grama .

Sugars in other grasses studied also varied but in a

continual manner durin g the growing season.

Changes in the level of

arabinose an<l galactose followed similar patterns with all grasses.
This was also true for blue grama at the Cottonwood Station ( Kamstra

-et -al. , 1968) .

Their s tudy did not show arabinose and galactose levels

to be inversely related to xylos e as occurred in the Antelope Station

study.

Climatic conditions may provide a reason as to why a

particular grass acted differently each year .
The other three grass species did not follow extreme incon
sistent sugar patterns as did L lue grama.

All grasses decreased in

the glucose content of hemicellulose at maturity.

(1960) showed this loss of glucose

with

Sullivan

tl

al.

maturation in several grasses.

Galactose content was not greatly affected by collecting date .

It

was lower in sand reedgras s and needle and thread, but one cannot
draw definite conclusion s as to why galactose was lower in the taller
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gras s e s .

Threadleaf s edge had the highe s t galactose and lowe st

glucos e levels when compared to the other pr airie grass sp ecie s.
Total Neutral Sugar Content

2£ �

Hemicellulo s e Fr action .

Total neutr al sugar content of each gras s is s hown in figure 10 .

One

millilite r from a 10 ml. to t al of diluted sugar hydrolyz ate was dried
and w e ighe d.

All gr asses varied only slightly in sugar content during

the ent ir e collec t ion period.

The average weight of neutral sugars

from 1 . 0 g. of h emic ellulose was 0. 81 g. from all grasse s .
m e asurem ent indicates that recovery of neutral
c ellulos e i s v ery efficient .

s ugar s

This

from hemi

It mu s t also be remembered that uronic

acids ar e elimin ated in fractionation of the neutr al sug ars.
The mean for th e warm se ason · gras s e s was 0 . 91 g.

Ne edle and

thre ad and threadle af sed ge me an we ights were O. 83 and O . 75 g . ,
respectively .

No att empt was made to isolate ur onic acids , but they

did appe ar mor e frequently on the pape r chromatographs of th e cool
s e ason grasse s.

This would corr e spond to th e

r educed

recovery of

neutral sugar s in th e cool s e ason grasse s .
Ac id-Detergent Fiber.

It can b e s aid fr om obs ervations that

pl ant s b e come more woody as they mature .

A young plant is relatively

tender , whereas an older plant is tougher and ha s greater structure
strength.

The nature of this woodiness and its effect upon the

dig e s tibility of plant s is of some conc ern .

Acid-de terg ent fibe r ( ADF) has been shown to be an

indicator of forag e quality by Van Soest (1963 b ) .

e xc e llen t

ADF repr e s ent s a
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.-.1-·

reasonably pure lignocellulose and its canposition i s of nutritional
significance.

It appears to be a better indicator of nutritional

value than cellulose or crude fiber because the fraction includes
both cellulose and lignin.
Comparative changes occurring in the four prairie gras ses for
ADF are shown in figure 11.
cellulose content .

ADF followed a pattern very smilar to

All grasses increased significantly (P c:::: . 01) in

ADF with late r sampling date.

ADF and cellulose values were very

similar at all collections , but in later dates the inclusion of more
lignin increased the ADF fraction .

Some wo rkers have used the value

obtained by subtracting lignin from ADF as the cellulose content .
Values obtained with this method closely agreed with Crampton and
Maynard cellulose analysis shown in figure lJ.
Sand reed.grass and needle and thread contained the most ADF.
Thi s result was probably due to thei r anatomical composition.

grasse s contained mo re stem tis sue than the other two species.

Both ·
ADF

content increased steadily until August when grasses had matured.
In Septembe r, values remained at the maximum level.

Blue grama and thread.leaf sedge had lower ADF conten t. In
re ference to table 1 , thread.lea f sedge had the lowest ADF and the
highest in, vitro dry matte r digestibility mean.

Oh et al. (1966)

also found a high cor relation betwe en ADF and forage digestibility
within a grass specie. A grass containing a low amount of fibe r
is more digestible.
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Blue grama followed a similar ADF pattern at the Cottonwood
Station ( Kamstra

.tl &· ,

1968) as it did

constant from June to July.

in

this s tudy.

ADF remained

In vitro dry matter digestibility als�

re.�ained at a cons tant level during the same period.
assumed that blue gra'lla remains high

in

It can be

nutritional value until mid- ·

summer as measured by 1E, vi tro dry matter digestibility values .
Acid-De tere-ent Li gnin.

The values shown for acid-detergent

lignin (ADL) may appear low using the method of Van Soest ( 1 96Jb )
since expected yields are approximately one-half of that obtained by
traditional lignin analysis method s .
obtained

in

It appears that the material

previous lignin analysi s methods of Crampton �� Maynard

· (1938 ) and Ellis ,tl al. (1946) contained considerable amounts of
pl ant proteins and other impurities.
of Ellis et

&·

Values obtained by the method

(1946) ranged from 10 to 2096 while tho se obtained by

Van Soest (196Jb ) ranged fran 2 to 1 0%.
All four prairie grass species increased
through September as indicated in figure 12.

in

ADL from June

Mean ADL contents of

blue grama, sand.reed grass, needle and thread and threadleaf sedge
were

J . 7, 4 . 0, 5 . 2 and J. 8%, respectively. The hi gher ADL content of

needle and thread may be due to its early maturity and awned seed
c ausing greater lignin encrustation
Differences

in

the cell walls of the plant.

ADL content were small between studies at the

Cottonwood and Antelope Stations.
to

in

ADL

in

blue gra�a ranged from 3.1%

5. 5 % at Cottonwood and from J.2t to 4.8% at Antelope. Overall,

ADL con tent was slightly higher in blue grama at Cottonwood than

in
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this . study.

--

Results are comparable to Webster et al. ( 1963 )

.

Although minimum to maximum lignin values varied from season to season,
the overall average of lignin content is quite consistent for any
particular grass.
Cellulose.

Crampton and Maynard cellulose content for the

grasses is shown in figure 13 .

The cellulose content of all species

increased significantly ( P <. 01 ) wi th advancing maturity.

As

mentioned

previously, cellulose content in a particular grass closely follows
changes in ADF because cellulose is closely linked with lignin in
f'orming the ADF fraction.
Blue grama and threadlea� sedge contained less cellulose than
the other two prairie grasses.

Again , this was probably a reflection

of their anatomical composition because both groups produced a dense
mat of short leaves.
No matter whether grasses are introduced or prairie spec�es
they generally increase· in cellulose with maturity ( Wurster, 1969 ).
The ratio of cellulose to lignin decreases with plant maturity.

This

indicates that lignin increased more rapidly than cellulose ( figures
12 and 13 ) .

However, the ratios for various periods during a growing

season were variable and showed that lignin and cellulose did not
increase consistently as the season advanced in agreement with Cook
and Harris (1950) .
Crude Protein.

Since protein is an important economic and

nutritional component of forage, the digestibility of this component
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is important in any grass research.

Animal selection of certain

grasses with greater palatability is an indication of protein content
· and digestibility

1!1 �.

At present the determination of protein

digestibility involves the use of digestion trials which require
considerable amounts of forage , expense and time.
species are limited in this respect.

Prairie grass

The A.O. A. C. (1960 ) methods

are the best available procedures used for the determination of crude
protein or estimation of digestible protein in prairie grasse_s.
The results of this study are shown in figure 14.

All grasses

displayed a sharp decline in crude pro tein from June through
September that was signi ficant (P <. 01).
differently than introduced grass species.

Prairie grasses act no
The sharp decline in

crude protein content, increase in fiber and lignin and decline in
digestibility are characteristic occurrences of maturation.
Mean crud� protein values for blue grama , sandreed grass ,
needle and thread and threadleaf sedge from table 1 are 8. 6 ,
and

7. 8%, respectively.

6. 8, 6. 4

Blue grama demonstrated the highest crude

protein mean as it also displayed in the results of Kamstra .2.!:, .!!,.
- (1968).

Work of this type poi1 .. ts out the importance of" animal

selectivity for grasses higher in protein.

In this regard , blue

grama is one of the best prairie grasses but is hindered b ecause it
is short growing.

The crude protein content of b lue grama during a two year
study by Webster et al. (1963) averaged 7. 3%. Similar decreases in
protein con tent were observed durin g an entire year. The crude
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protein content of blue grama ranged from _1 4._0% in May to J . 5i in
January. Anothe r study showing the decline on crude protein from
clipped blue grama, needle and thread and threadlea.£ sedge was observed
by Jefferies and Rice (1969).
June through August.

Grasses were collected seven times fran

Average crude protein content of blue grama

ranged between 16. 3% to 6. 0%, needle and thread ranged from 15. 2% to

J . 4� and threadleaf sedge 15 . 1% in June to 5.9% in August •
.!!!, Vitro Dry Matter Digesti bility.

-In vitro dry matter

digestibility (IVDMD) of the grass species is shown in fi gure 15.
Before any discussion of thi s data is presented, it should be pointed
out that all of the values were obtained in the same in, vitro fer
mentation.

As explained in the procedure section, the same rumen

inoculum was used for all samples so that differences that existed
were not due to changes in microbial activity often associated with

!!!

vitro studies.
IVIMD changed significantly (P <:::. 01) from June through

September.

As indicated in the accompanying figure, IVLMD declined

slowly in all grasses until the heading sta :e of maturity and then
declined sharply during seed development.

The increase in acid

detergent fiber values are reflected in the lower digestibility
value s .

Declines in IVIMD with advancing maturity of grasses have

been shown by many workers including the more recent study of
Ful.kerson _tl

!l•

(1967) •

. Differences in IVDMD were evident
grasses as given in table 1.

in

mean values for the

Blue grama and threadlea.£ sedge were a

?3
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little more dige stible th an the taller grasses.

Digestibility declined

steadily with maturity of all grasses in collections at .Antelope and
C ottonwood ( Kamstra

tl

al. , 1968 ) .

However, late season rains improved

digestibility values in the September collection at Cottonwood.
In conclusion, the data obtained in this study demonstrate
that prairie grasses have similar chemic al composition changes
occurring during a growing season as do introduced grasses .

Detailed

study of the carbohydrate fraction has provided information that has
been l acking in previous work .

At present one is not prepared to

fully explain the m e aning of the information received or to put it
to use, but it is hoped that at some future time this study will
provide meaningful data to others concerned with prairie grasses.
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SUMMARY AND CON:LUSIONS
A study was made to characterize range grasses by analysis of
their chemical composition at different collection dates in a growing
Special emphasis was given to the chemistry of the carbohy

season .

drate fraction of grasses investi gated.

Two warm season grasses blue

grama (Boutelou a gracilis) and sand reedgrass or prairie sand
reedgrass (-Cal amovilf a longifolia ) and two cool season grasses needle
and thre ad ( Stipa coma ta ) and thread.leaf sedge ( Carex filifolia ) were
s tudied.

S amples of all grasses were collected throughout the 1968

growing season at the Antelope Range Field Station in northwestern
South Dakota.
As

stated previously, prairie grasses exist in such hazardous

growing reg ions that at best a study during any particular growing
season can be used only to predict chemical changes which usually

occur.

Because of species and date interaction , it was concluded that

comparing prairie grasses on a basis of warm season versus cool season
i s not advisable .

Comparisons were better made according to anatomi-

cal differences of each grass.

All prair ie grasses used in this study followed similar

ch emical changes that would be expected to occur in introduced

For example, cellulose , acid-detergent fiber and acid
detergent lignin increased significantly (P <. 01 ) wi. th maturity.
Crude protein and in vitro dry matter digestibility decreased
grass e s .

signi fican tly (P < . 01) from June to Septembe r .
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The holocellulose fraction and its subfractions c ellulose and
hemicellulose as well as the influence of lignification at various
stages of plant maturity were of special interest.

The fibrous

fractions termed acid-detergent fiber and holocellulose gene rally
incre ased during the growing se ason.

Although not the c ausative

factor, fiber incre ases serve in predicting decreases in plant
digestibility.
had higher

1!3.

grass species.

Threadle af sedge for example was lower in fiber and
vitro dige stible dry matter than any of the other
Further inve stigations would be of value to relate

nutrient component patterns to ani.m al utiliz ation.

Some indication

of animal utiliz ation was provided by laboratory dry matter dige sti
bility which was the net contribution of several plant nutrient
components.
The highly significant decline in crude protein and increase s
in fiber and li gnin along with the si gnificant decline in dige sti
b ility reflected the maturation of a grass.

Blue grama and thre ad.leaf

sedge contained more crude protein and likewise had higher
digestible dry matter th an the taller grasses.

i!2

vitro

The beneficial effects

of the short growing gr asses are , howeve r, ove rshadowed by reduced
yields fo r grazin g live stock .

This indicates the difficulty in

s electing an ide al prair ie grass that has both high yields and is

s uperior in digestibility .

ses,
To furthe r define the carbohydrate fraction of the gras

special attention was focus ed upon hydroly sis of the hemi cellulos e
fraction t o its component neutr al sugars .

Xylose , arabinose,

71
gluco se and galactose were found in the hemicellulose fraction of all
Xylose was the main structural

grasses at all collection date s .
sug ar component in all grasse s .

It must be the m ain structural sugar

in prairie gras ses as well as introduced gr as s spe cies.

Change s in

xylose closely corre sponded to changes in arabinose which may also be
important as a structural component.

The relative level of glucose

was greater than gal acto se in all gras ses except threadleaf sedge.
Results indicate th at during a growing season a grass eontained
varying levels of e ach p articular sugar.
and

wring e arly seasonal growth

the stage of inflore scence, the co ncentration of neutral sugar

components probably fluctuates according to the need of the plant.
Sugars linked together as polys acch aride units in the hemicellulose
fraction may serve for structural functions for metabolic plant needs
or be available as re serve carbohydrates .

By the time the grass has

matured, levels e,f all neutral sugars have declined slightly or
remained constant from August . to September.

In

by

1u

conclusion, it would appe ar promising to characte rize grass

vitro methods .

Since the holocellulose fraction encompas se s

three-fourths o f the dr y matter �f plants , it serves a s a valuable
step in defining plant components .

The components cellulose, uronic

acids, hemicellulose and its structural sugar s can be obtained from
holocellulo se.

ip between
Chemical anal ysis indicated an inve rse relationsh
g
dige stibility and fibrous compone nts and lignin during a growin
r, .!!!, vitro
season. With the incr � asing level of acid-detergent fibe
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dry matter digestibility and crude protein declined signific antly as
grasses matured.

These plants rely upon yearly environmental conditions

as is true of all grasses.

It appears that prairie grasses exhibit

more flexibility in response to environmental condition s than may be
true of cultivated grasses.
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APPENDIX
TABLE 1.

ANALYSIS OF VARIANCE FOR HOLOCELLULOSE
CONTENT OF GRASSES
d . f.

Source of vari ation

Total
Replicate
Species a
Replic ate
Date
Replicate
Species x
Replic ate
Residual

90
2
2
4
4
8
8

x species
x date
date
x spec ies x d ate

16
45

S. S.

411021 .-61

8.41

2165 . 60
20. 97
870 . 50
29 . 28

347.87
39. 78
37. 74

M. S .
4. 20
1082 . 80 **
5 . 24
217 . 63 * *
3 . 66
_ 43 . 48**
2 . 49
0. 84

a Blue grama removed from analysis.
** p < . 01.

TABLE 2 .
Source of variation

Total.
Replicate
Speciesa
Replic ate x species
Date
Replicate x date
Species x date
Residual

Ai\JALYSIS OF VARIANCE FOR CELLULOSE FROM
HOLOCELLULOSE CONTENT OF GRASSES
d . f.
45
2
2

4
4
9
6

16

a Blue grama removed from an alysis .
** P < . 01 .

S. S .

58873 . 39

o . 63

1025 . 49
0 . 90
2 . 24

5 . 93

10 . 07
ll. 78

.M. S .
0 . 31
512. 75 * *
0 . 23

0. 56

0 . 74
1 . 26
0 . 74

89

TABLE J .

ANALYSIS OF VARIANCE FOR HEMICELLULOSE
CONTENT OF GRASSES

Source of variation

Total
Replicate
Species a
Replicate x species
Date
Replicate x date
Species x date
Residual

d . f.
45
2
2
4
4
8
8
16

S.S.

M. S .

? 4235. 73
5. 10
118. 88
16. 15

2. 55
59. � **
4. 04
19.88
1. 83
31. 32
_ 2. 65

79. 5 0

14. 62
250_. 60
42. 46

a Blue grama removed from analys is .
** P <. 01.

TABLE 4.

Source of
vari ation
Total
Species
Sample
Species x s ample
Date
Species x date
Sample x date
Residual

Ai.'JALYSIS OF VARIANCE FOR XYLOSE
CON TEN T OF GRASSES

d . f.
40

3

1

.3

4
12
4
12

S . S.
124.4365
0. 0325
0 . 0004
0 . 0495
0. 0169
0. 033 9
0. 005.5
0. 0205

M. S.

.

0. 0108
0. 0004
0. 0165
0. 0042
o. 0028.-,:.;. ,

o � ooi4 _ ..,·.:_. ··
0••

•

.-· .": · -:.-..-..\,

0. 0017

_.,
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TABLE 5 .
Source o f
variation

Total
Species
Sample
Species x sample
Date
Species x date
Sample x date
Residual

TABLE 6 .
Source of
variation
Total
Species
Sample
Species x s ample
Date
Species x date
Sample x date
Residual

ANALYSIS OF VARIANCE FOR ARABINOSE
CONTENT OF GRASSES
d. f.
40
3
l
3
4
12
4
12

s. s.
86. 6186
0 . 0142
0 . 0001
0 . 0053
0. 1361
0. 1967
0. 1012
0. 0551

M. S.
0. 0047
0. 0001
0 . 0018
0 . 03 40
0 . 0164
0. 0253
0. 0046

ANALYSIS O F VARIANCE FOR GLUCOSE
CONTEN T OF GRASSES
d. f .

40
3
l

3

4
12
4
12

S. S.
36. 2617
1. 4253
0. 0173
0. 0029
o. 4609
0 . 6206
0. 1402
0 . 1494

· M. S .

o. 4751
0 . 0173
0 . 0010
0. 1152
0 . 0517
0 . 0350
0. 0124
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TABLE 7 .

AN.ALYSIS OF VARIANCE FOR GALAC TOSE
CONTENT OF GRASSES

Sourc e of
variation

d . f.

40
3
1
3
4
12
4
12

�otal
Species
Sample
Sp ecie s x s ample

Date

Sp ecies x date
S ample x d ate
Re sidual

TABLE 8 .

Sourc e of
variation
Total
Sp ecies

Date

Re sidual

S. S.
22. 29ll
o . 8866
0. 0052
0.0490
0. 0861 .
0. 2395
0. 0356
0 . 0902

M. s.

o. 4751
0. 0173
0. 0010
o. n52
0. 0517
0 . 0350
0. 0124

ANALYSIS O F VARIANCE FOR TOTAL NEUTRAL SUGAR CONTENT
FROM THE HEMICELLULOSE FRACTION OF GRASSES

d. f.

20

J

4
12

S. S .

13 . 9355
0. )148
0. 1109
0. )440

M. S .
0. 1049
0. 0277
0 . 0287
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TABLE 9.

ANALYSIS OF VARIANCE FOR ACID-DETERGENT FIBER
CONTENT OF GRASSES

Source of variation

Total
Replicate
Specie s
Replicate
Date
Rep licate
Species x
Replicate
Residual

d . f.

120

2

x species
x date
date
x species x date

3
6
4
8
12
24
60

S. S.

1 71351 . 2 7
1. 0 9
1143. 21
7. 79
1342 . 59

5 . 65

435. 71
14. 85
1.98

M. S.
0 . 54
3 81. 0 7 **
1. 3 0
335 . 65 ••
0 . 71
3 6. 31 **
0. 62

o. o:,

** p <. 01.

TABLE 10.

ANALYSIS OF VARIANCE FOR ACID-DETERGENT LIGNIN
CONTEN T OF GRASSES

Source of vari ation

Total
Replicate
Species
Replicate
Date
Replicate
Species x
Replicate
Residual

d . f.

120

2

x species
x date
date
x species x date

** P < . 01.

3
6
4
8
12
24
60

S. S.

2190 . 7 6
0 . 02
3 9.1 7
0. 99
41. 9 5
0. 25
20. 06
4.8 2
1. 26

M. S .

·0 . 01
lJ . 06**
0.16
1 0. 49**
0. 03
1 . 67 **
0. 20
0. 02
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ANALYSIS OF VARIANCE FOR CELLULOSE
CONTENT OF GRASSES

TABLE 11.
Source
Total
Replicate
Species
Replicate
Date
Replicate
Speci es x
Replicate
Residual

**

of variation

x species
x date
date
x species x date

120
2
J
6
4
8
12
24
60

s. s.

M. S.

128030. 27
J. 45
2195. 43
4. 24
4
J J. 77
6. 82
151. 25
12 . 81
2 .19

1. 72
731. 81**
0. 71
85. 94**
0. 85
12. 60 **
0. 53
o. o4

P <. 01.

TABLE 12.

ANALYSIS OF VARIANCE FOR CRUDE PROTEIN
CONTENT OF GRASSES

Source of v ari ation

Total
Replicate
Species
Replicate
Date
Replicate
Species x
Replicate
Residual

**

d . f.

x species
x date
date
x species x date

p <. 01 .

d . f.

120
2
J

6

4
8
12
24

60

s. s.

74 57. 2 5
4. 61
84. 04
9. 80
. 715. 44
5 /33
3 7. 84
7 . 01
0. 50

M. S .

2. Jl
28. 0l * *
1. 63
178. 86**
o. 67
J. 1 5 * *
0. 29
0. 01
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TABLE 1 3 .

ANALYSIS OF VARIANCE FOR IN VITRO DRY MATTER
DIGESTIBil,ITY OF GRASSES

Sourc e of vari ati on
Total
Replicate
Species
Replicate x species
Date
Replicate X date
Species x date
Replicate x species x d ate
Residual

** P <:. . 01.

d . f.

105
2
3
6
4
8
12
24
45

S. S.

3 8155 6 . 37
7 . 45
687. 91
24. 49
3 030 . 19
52. 64
455 . 09
158 . 08
5 . 91

M. S. ·

3. 72
229. 3 0 **
4. 0 8
7 57. 55 **
6. 58
37. 92 * *
6. 59
0. 13

